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Search for the Ebola Virus Reservoir in Kikwit, Democratic Republic of the 
Congo: Reflections on a Vertebrate Collection 
Herwig Leirs, James N. Mills, John W. Krebs, 
James E. Childs, Dudu Akaibe, Neal Woollen, 
George Ludwig, Clarence J. Peters, Thomas G. Ksiazek, 
and other study group members* 
Danish Pest Infestation Laboratory, Lyngby, Denmark; Division of Viral 
and Rickettsial Diseases, Centers for Disease Control and Prevention, 
Atlanta, Georgia; University of Kisangani, Kisangani, Democratic 
Republic of the Congo; United States Army Research Institute of 
Infectious Diseases, Fort Detrick, Frederick, Maryland 
A 3-month ecologic investigation was done to identify the reservoir of Ebola virus following the 
1995 outbreak in Kikwit, Democratic Republic of the Congo. Efforts focused on the fields where 
the putative primary case had worked but included other habitats near Kikwit. Samples were 
collected from 3066 vertebrates and tested for the presence of antibodies to Ebola (subtype Zaire) 
virus: All tests were negative, and attempts to isolate Ebola virus were unsuccessful. The investigation 
was hampered by a lack of information beyond the daily activities of the primary case, a lack of 
information on Ebola virus ecology, which precluded the detailed study of select groups of animals, 
and sample-size limitations for rare species. The epidemiology of Ebola hemorrhagic fever suggests 
that humans have only intermittent contact with the virus, which complicates selection of target 
species. Further study of the epidemiology of human outbreaks to further define the environmental 
contact of primary cases would be of great value. 
A thorough understanding of the epidemiology of transmis- 
sion of a pathogen from its wild reservoir host to humans is 
essential to design effective surveillance and control schemes 
for zoonotic diseases. Intensive surveys have followed previous 
outbreaks of Ebola (EBO) hemorrhagic fever (EHF), but the 
number of outbreaks has been small and the reservoir for EBO 
virus remains unknown [1-4]. Although all previous searches 
have yielded negative results, composite data generated in the 
laboratory (e.g., cell culture susceptibility, limited experimental 
infection of animals) and theoretical considerations suggest that 
small mammals are the most likely reservoirs [5-7]. 
After previous EHF outbreaks, an extended delay hampered 
searches for the virus reservoir, often with 1 year passing 
between the outbreak and the organization and start of ecologic 
surveys. In most cases, the primary case (i.e., the person who 
became infected from the wild reservoir and began the human- 
to-human transmission chain) could not be identified with suf- 
ficient certainty or had traveled large distances before the onset 
of illness. Often this person was deceased, and information 
about his or her activities was fragmentary. This limited the 
effective focus of the surveys [1-4]. During the 1995 outbreak 
in Kikwit, Democratic Republic of the Congo (DRC), an inter- 
national team tentatively identified a local resident as the pri- 
mary case. This individual had not traveled before becoming 
ill, and a likely transmission locality could be established. Al- 
though the primary case had become infected in December 
1994 and the ecologic study team arrived in June 1995, it was 
reasonably likely that an intensive study might identify the 
reservoir. 
From 10 June to 28 August 1995, we conducted an extensive 
survey under World Health Organization (Geneva) auspices 
and the sponsorship of the Centers for Disease Control and 
Prevention (CDC, Atlanta). Here we report on the collection 
of vertebrates gathered during this survey and present the re- 
sults of the virologic studies of these materials. We discuss the 
problems that are inherent o the search for the reservoir of a 
rare zoonosis and make some suggestions for future research. 
The report on the collection of invertebrates is presented sepa- 
rately [8]. 
Materials and Methods 
Selection of collection sites. The putative primary case was a 
farmer who lived in Kikwit but worked several maize and cassava 
fields in the forest at Mbwambala, bout 8 km southeast of Kikwit 
[8, 9]. He had recently (December 1994) also excavated acharcoal 
pit near his fields. He had not traveled beyond the environs of 
Kikwit during the months before becoming ill, but he did visit his 
fields and charcoal pit daily. Since he was the only probable EHF 
case identified with no definitive link to a prior human case, it 
seemed unlikely that he had become infected in or around his 
home in the densely populated town of Kikwit. Therefore, the 
search for the EBO virus reservoir focused primarily on the forest 
biotopes near his fields, which could be exactly located (figure 1), 
and limited small-mammal trapping and livestock sampling were 
also conducted near his home. 
Because of the remaining uncertainty about the identification of 
the primary case and the lack of information on this person's 
activities or behavior that could have influenced his contact with 
a variety of vertebrates from areas surrounding Kikwit, additional 
collection sites were selected in order to maximize the number of 
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Figure 1. Location of trapping sites around Kikwit, Democratic Republic of the Congo, where vertebrates were collected in 1995. Trap lines 
are identified within parentheses. 
sampled habitats (figure 1). In addition, small game animals (e.g., 
large rodents, small carnivores, antelopes, pangolins, monkeys) 
were purchased from hunters or at "bush meat" markets. The 
exact origin of these specimens could not be established with 
certainty; often they came from considerable distances (>50 km) 
since most game has disappeared from the Kikwit area due to 
hunting. 
To investigate the possibility of virus transmission from EHF 
patients to commensal rodents, we also placed traps in and around 
the pavilion that housed EHF patients at the Kikwit General Hospi- 
tal and the hospital morgue, where deceased EHF patients were 
held until burial. When we made these collections, there were still 
acute EHF cases in the pavilion, but the last patient death at the 
hospital occurred the day small-mammal trapping began there (24 
June 1995). At the peak of the EHF epidemic, when basic hygiene 
was low, small mammals had access to patient excrement, medical 
wastes, and cadavers on the pavilion floor, in the semi-attached 
privies, and in the area surrounding the pavilion where excrement 
and medical wastes were discarded. 
Description ofprincipalfield sites. Below, we list the six prin- 
cipal trapping sites together with a general description of the habi- 
tats. At these sites, trapping took place daily throughout the indi- 
cated periods, although individual trap lines may not have been 
operational for the entire period. Additional collection sites in- 
cluded the Kinzambi Mission (04058.631' S, 18046.470' E), the 
Sacred Heart Mission (05001.719' S, 18050.783' E), and the Trap- 
pist Mission (05002.262' S, 18051.192' E), where bats were netted 
and trapped. At Luano, Kimbinga, Kimputu Nseke, and Mbalaka 
markets, species used as bush meat and other assorted species were 
purchased. 
The first trapping site was Mbwambala (field 1 and charcoal pit: 
05003.471' S, 18054.552' E; field 2: 05003.958' S, 18054.838' E). 
Trap lines A-G, H, K, N, SC1, SC2, Sl, S2, and Q were set 
from 10 June to I August 1995. The site had a highly disturbed 
secondary forest on hilly terrain with generally very steep slopes. 
The area was a patchwork of four vegetation types, one of which 
was an immature secondary forest that occurred in small patches 
and had a canopy height of 15-20 m. The overstory generally 
provided much less than 100% cover and was dominated by Mu- 
sanga cecropioides. The shrub layer (as high as 5 m) was also 
generally thin and was dominated by Caloncoba welwitschii and 
Trema orientalis. A dense herbaceous layer (100% cover) of -~2 m 
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in height was dominated by Haumania liebrechtsiana and Palisota 
ambigua. This dense herbaceous vegetation provided for a rela- 
tively cool and moist microenvironment at the soil surface. 
Another vegetation type in Mbwambala was the large patches 
of highly disturbed fallow land (probably abandoned maize and 
cassava fields) covered by thick, low brush, which usually was a 
monoculture of 1- to 2-m-high Chromolaena (Eupatorium) odora- 
tum. These areas were dense and nearly impenetrable but hot and 
relatively dry at the soil surface because of the lack of an herba- 
ceous layer. 
The third type of vegetation in Mbwambala was cultivated 
patches of cassava, maize, or, rarely, bananas. These patches were 
generally cleared of other vegetation and were hot and dry at the 
soil surface. 
The last type of vegetation in Mbwambala was linear patches 
of dense mesic vegetation along watercourses. These habitats were 
dominated by dense herbaceous vegetation covering soil that was 
moist to wet. Plant species diversity was high; typical species 
included Aframomum species, Costus species, and Ataenidia con- 
ferta. 
The second trapping site was Kakoi (05005.884' S, 18'57.598' 
E), where trap lines KK1-KK4 were set between 11 July and 5 
August 1995. The area included a rare patch of primary forest and 
a secondary forest. Both patches were on nearly level ground. 
Trap lines KK3 and KK4 were set in the primary forest, a 
relatively undisturbed patch characterized by a multilayered can- 
opy, high diversity of plant species, and little light penetration to 
the soil level. The area had five vegetative strata: (1) a principal 
overstory canopy dominated by Brachystegia laurentii and Goss- 
weilerodendron balsamiferum and providing about 90% canopy 
closure at a height of 40-45 m; (2) a secondary overstory canopy 
at 25-30 m composed principally of Strombosia pustulata; (3) a 
primary understory layer (10-15 m high) dominated by Diospyros 
bipidensis and providing -70% closure; (4) a secondary un- 
derstory layer dominated by 2- to 8-m-tall Crotonogyne poggei; 
and (5) an herbaceous layer (only -0.2 to 1 m high), which was 
less dense than in the secondary forest. It was dominated by Lep- 
taspis cochleata and Palisota species. 
Trap lines KK1 and KK2 were set in the secondary forest. The 
canopy in the secondary forest site was much more open and had 
greater light penetration than that found in the primary forest. The 
overstory canopy layer (15-18 m high) consisted primarily of M. 
cecropioides and provided only about 30% canopy closure. The 
understory layer was 5-6 m tall, provided about 75% cover, and 
was dominated by C. welwitschii and T. orientalis. The herbaceous 
stratum, which reached 2-3 m in height and provided 90% cover, 
was dominated by H. liebrechtsiana and Palisota ambigua. 
The third trapping site was Kilombo Savanna, where trap lines 
SAl-SA3 were set between 26 June and 1 July 1995; SA1 was 
set at 05009.325' S, 18048.466' E, and SA2 and SA3 were set at 
05u09.116' S,18x46.828' E. The savannas in the Kikwit area were 
anthropogenically derived and artificially maintained by frequent 
burning. There were two vegetative strata: an upper stratum of 
scattered bushes or small trees that reached only 2-6 m in height 
and an herbaceous stratum consisting of annual grasses and forbs, 
which provided nearly 100% ground cover. The arborescent vege- 
tation in the Kilombo Savanna area consisted of Erythropheum 
africanum, Pterocarpus angolensis, and Hymenocardia acida. The 
herbaceous vegetation was <1 m high and dominated by Pteridium 
aquilinum, Loudetia arundinacea, and Loudetia demeusei. Trap 
line SAl was located in a savanna-secondary forest ecotone. 
The fourth trapping site was in Ngome Savanna (05o10.554' S, 
19006.997' E), where trap lines SA4-SA6 and SA7 were set be- 
tween 1 and 21 July 1995. The physiognomy of the derived sa- 
vanna near Ngome was similar to that at Kilombo. The dominant 
bush species were H. acida and Albizia adianthifolia; the herba- 
ceous layer was dominated by the grass L. demeusei. 
The fifth trapping site was Wamba, where trap lines WAl 
(05006.644' S, 18055.202' E), trap line WA2 (05'06.742' S, 
18054.96' E), and trap line KB 1 (05o03.630' S, 18'52.428' E) were 
set between 28 July and 28 August. Trap lines WAl and WA2 
were in "bush," with a thin overstory of scattered palms reaching 
10-15 m in height, a shrub understory with a height of 2-3 m 
providing 50%-75% cover, and a thick herbaceous layer with a 
height of 30-40 cm providing 70%-90% cover. Trap line KB1 
was in a savanna habitat, with scattered small trees and shrubs 
(3-12 m tall) and a 70%-80% herbaceous cover. Plant species 
identifications are not available. 
The sixth trapping site was Kwanga-Ngamzi (05009.480' S, 
18056.366' E), where trap lines MN1-MN4 were set between 21 
July and 6 August. Trap lines MN-1 and MN-2 were located 
in secondary forest covering abandoned agricultural fields. The 
overstory consisted of Elaeis guineensis (-6 m in height), which 
provided -20%-30% cover. A 3-m-high understory characterized 
by Costus lucanusianus and C. odoratum provided 70%-80% 
cover. The herbaceous layer was dominated by Hyparrhenia 
diplandra, which provided 70%-80% ground cover. 
Trap line MN-3 was also in regenerating secondary forest. The 
overstory provided 50%-60% cover and included 15-m-high E. 
guineensis and Pycnanthus marchalianus. The understory was -4 
m high, provided 50%-60% cover, and consisted of Megaphryn- 
ium macrostachyum. The herbaceous layer was sparse (20%-30% 
cover), -40 cm high, and consisted primarily ofH. liebrechtsiana. 
Trap line MN-4 was located in a hilltop cassava field that con- 
tained cultivated cassava and scattered palms and C. odoratum. 
Small vertebrate collection. Trapping focused on small mam- 
mals and birds, while larger mammals (>2 kg) were mostly pur- 
chased. Occasional captures of other vertebrates were included in 
the collection. About 300-350 live-capture Sherman traps (8 x 9 
x 23 cm; H.B. Sherman Trap, Tallahassee, FL) were laid out each 
night in lines, with 
--5-10 m between traps. The bait consisted 
of peanut butter mixed with rolled oats and dried fish or, in some 
cases, oil palm nuts. Tomahawk wire mesh live-capture traps 
(Tomahawk Live Trap, Tomahawk, WI) were laid out in groups 
or scattered and baited with cassava pieces smeared with peanut 
butter or, for the large traps, fish and chicken viscera to attract 
carnivores. Forty of the traps were Tomahawk model no. 102 (13 
x 13 x 41 cm), and 20 were model no. 108 (25 x 30 x 81 
cm). Where appropriate, some traps were attached to horizontal 
branches. At Mbwambala, Kwanga-Ngamzi, and the Ngome Sa- 
vanna, we placed 2 x 80 m plastic sheet drift fences (50 cm high) 
with an unbaited pitfall trap (a buried 15 L bucket, without water) 
every 10 m. About 15 Victor gopher traps (Woodstream, Lititz, 
PA) were set each night for 2 weeks in active rodent burrow 
excavations found at a single savanna site. 
Mist nets were placed at locations where bats or birds had been 
observed or were deemed likely to occur and were set at ground 
level or elevated 2-2.7 m, depending on the site characteristics. 
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Most nets were operated 24 h per day and checked regularly; 
however, near buildings they were used only shortly before dusk. 
A handmade Tuttle bat trap was operated at mission sites and 
collected molossid bats only. 
All traps were checked daily in the early morning. Live-capture 
traps that contained animals were placed in double plastic bags 
and tied closed before being transported to an isolated, outdoor 
central processing area. Animals were sampled following standard- 
ized procedures [10, 11]. Before opening plastic bags containing 
animals, dissectors donned disposable surgeons' gowns, double 
latex gloves, and powered air-purifying respirators fitted with 
HEPA filters. After animals were anesthetized with methoxyflu- 
rane, weight, sex, and body measurements were recorded, and 
blood samples were obtained from the retroorbital sinus with capil- 
lary tubes or by cardiac puncture in small mammals and from the 
brachial or jugular vein in birds. 
Animals were euthanatized by cervical dislocation, overdose of 
anesthetic, or inhalation of CO2 and preliminarily identified to 
genus or species level before tissues (spleen, kidneys, liver, lungs) 
were removed by use of sterile scissors and forceps. Large mam- 
mals, which were usually dead when purchased, were sampled by 
obtaining blood from the heart and, when possible, a small amount 
of tissue from other organs. Unusual necropsy findings were re- 
corded and, when appropriate, photographs were taken. All sam- 
ples were placed in labeled cryovials and stored in liquid nitrogen 
until shipped on dry ice to CDC. In total, 3066 blood samples were 
collected, including samples from dogs, cattle, and pet primates. 
Carcasses were labeled, fixed in formalin, and sent to the Univer- 
sity of Antwerp, Belgium, where they were rinsed for 4 days and 
stored in alcohol until further identification and taxonomic study. 
Animals were identified at the Museum Alexander Koenig, Bonn, 
Germany (shrews); the Royal Museum for Central Africa, Terv- 
uren, Belgium (birds and lizards); and the University of Antwerp 
(bats, snakes, rodents, other groups). Among the 2544 preserved 
carcasses, confirmed identification was obtained at least at the 
genus level for 2493 specimens; for the others, inadequate material 
or lost or damaged labels prevented unambiguous identification, 
and herein we will use the preliminary field identification for these 
specimens. The collected carcasses will be kept as voucher speci- 
mens in the Royal Museum for Central Africa and the Museum 
of Southwestern Biology, Albuquerque; a small reference collec- 
tion of rodents will be deposited at the University of Kisangani, 
DRC. Tissues will be deposited at the Museum of Southwestern 
Biology. 
Serology and virus isolation. After arriving at CDC (Atlanta) 
the blood samples were organized by species for those species for 
which commercial conjugates were available (rodents, insecti- 
vores, chiropterans, and ungulates, as determined by testing conju- 
gate reactivity with blood adsorbed onto polyvinyl chloride [PVC] 
microtiter plates). Testing of other mammalian species, birds, and 
reptiles has been deferred until more suitable conjugates or indirect 
means of antibody determination are developed. An intermediate 
dilution of 1:25 was prepared from the blood samples, frozen, and 
then irradiated with 20,000 Gy (2 x 106) of gamma from a 60Co 
source. For those species tested, an antigen was prepared by basic 
buffer with detergent extraction from Vero E6 cells infected with 
the EBO (subtype Zaire) virus and adsorbed to wells of PVC 
microtiter plates. Sera were tested by an ELISA against this antigen 
as well as an antigen extracted from similarly prepared mock- 
infected cells. The sera were tested at dilutions of 1:100-1:6400 
in 4-fold dilutions against both the positive and negative antigens. 
The optical density (OD410) of the mock antigen-coated wells was 
subtracted from that for the corresponding EBO virus antigen 
wells. A positive control was available from experimentally in- 
fected laboratory mice and was reactive with the conjugates used 
against rodent species. The tests for other species, such as ungu- 
lates, could only be indirectly controlled. 
Virus isolation was attempted in a biosafety level 4 laboratory 
from the spleen (or liver if spleen was unavailable) of those animals 
from which the organ had been collected. The spleen was triturated 
in a volume of Hanks' balanced salt solution with 5% heat-inacti- 
vated fetal bovine serum to yield a 10% wt/vol suspension. After 
trituration, the suspension was divided into three aliquots: One 
was added to a small microtube for EBO virus antigen detection, 
another was frozen at below 
-700C, and another was used for 
tissue culture isolation attempts. 
A portion of the suspension, 0.2 mL, was inoculated, without 
refreezing, onto confluent monolayers of Vero E6 cells in a T25 
flask and adsorbed with constant rocking for 1 h at 37TC. Eagle 
MEM with Earle's balanced salt solution with 2% heat-inactivated 
fetal bovine serum containing 20 mg gentamycin and 50 U nys- 
tatin/mL was added to the flask, and about every other day for 14 
days, the cell monolayers were observed by use of a microscope. 
Maintenance medium was changed at day 7, and if no cytopathic 
effect was observed earlier, cells were removed from the flask 
with 3-mm glass beads, and a portion of the cells was centrifuged 
and resuspended in borate saline and applied to 4 wells of triplicate 
teflon-coated microscope slides. 
Another portion of the culture was frozen and held at -700C. 
Slides were air-dried and then irradiated with 20,000 Gy of gamma 
while refrigerated on dry ice. The slides were then fixed in acetone 
at room temperature and stained with a polyvalent anti-EBO hyper- 
immune rabbit serum made by immunizing rabbits with EBO (sub- 
types Zaire, Sudan, and Reston) viruses, followed by goat anti- 
rabbit conjugated to fluorescein isothiocyanate. Appropriate EBO 
virus control slides were used with each batch of slides, stained to 
ensure that the antiserum and fluorescein isothiocyanate conjugate 
were working. 
Antigen-detection ELISAs were performed on all tissue homog- 
enates after irradiation of the material with 20,000 Gy. The tissue 
homogenates were tested at dilutions of 1:4, 1:16, 1:64, and 1:256 
as previously described, with slight modifications, for detection of 
antigen in infected primates [12]. Positive controls for the 4 known 
EBO virus subtypes (Zaire, Sudan, Reston, and C6te d'Ivoire) 
were run with each assay. 
Results 
Vertebrate collection. Most of the 3066 collected speci- 
mens were mammals (87%, 2663), followed by birds (9%, 265) 
and reptiles and amphibia (4%, 129) and 9 specimens from 
other taxa (figure 2). Among the mammals, most of the collec- 
tion consisted of rodents (72%, 1914), bats (20%, 539), and 
insectivores (4%, 115). Small numbers of specimens from the 
orders Carnivora, Primates, Artiodactyla, Pholidota, and Mac- 
roscelida were also obtained. 
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Figure 2. Faunal composition of the vertebrate collection made 
around Kikwit, Democratic Republic of the Congo, 1995. 
Overall, 78 mammal species, 51 bird species, and 22 species 
of reptiles and amphibians could be differentiated. Among 
mammals, diversity was highest in Rodentia (29 species), fol- 
lowed by Chiroptera (18 species) and Insectivora (10 species: 
table 1). The distribution of the number of specimens collected 
from each mammal species was skewed (figure 3). Few speci- 
mens were obtained from the majority of the species, with <10 
specimens available from 48 mammalian species and 22 species 
represented by a single specimen. There were 6 species, ac- 
counting for 66% of all collected mammals, for which > 100 
specimens were collected. 
Serology and virus isolations. ELISA testing for EBO virus 
antibody has been completed on 2393 of the 2906 blood speci- 
mens available for testing (table 1). No antibody against the 
Zaire subtype of EBO was detected among specimens that 
could be tested. 
Virus isolation has been completed on 2730 collected ani- 
mals for which a spleen was available. For an additional 84 
specimens, no spleen was available, so isolation attempts were 
made upon the liver. All attempts at isolation of EBO virus have 
been negative. However, a number of viruses preliminarily 
identified as arenaviruses were isolated and will be the topic 
of a future report. None of the 2814 tissue suspensions were 
positive for EBO virus antigen by ELISA. 
Discussion 
Despite extensive efforts in the field after this and other EHF 
outbreaks, the EBO virus reservoir remains unknown [4]. A 
number of potential reasons that are inherent to these kinds 
of studies may explain why field investigations have yielded 
disappointing results. For future work, it is important to explic- 
itly acknowledge the existence of these problems. 
Although our ecologic field team arrived soon after the out- 
break was reported and confirmed, 6 months had already passed 
since the putative primary case became infected. Ecologic sam- 
pling was done during the dry season, whereas the potential 
primary transmission event happened during the wet season. 
Seasonal variation in the composition of small mammal species 
is small but does exist in tropical rain forests, and some species 
may display considerable fluctuations [13-16]. Such temporal 
variation would have resulted in the sampling of a faunal as- 
semblage that differed in composition, abundance, and diver- 
sity from that present at the time of the infection of the primary 
case. The infection status of the reservoir species could also be 
significantly influenced by seasonal variation (e.g., if arthropod 
vectors are involved in the enzootic maintenance of EBO infec- 
tion). Moreover, it is possible that animals infected at the time 
of the primary case's infection did not survive long enough to 
be represented in our sample. Similar doubts exist concerning 
the site selected for the field work. Although the identification 
of a relatively well-documented primary case enabled the impli- 
cation of a likely infection site in which to focus our surveys, 
there inevitably remained some doubts that made the concentra- 
tion of all efforts at a single site too risky. 
These uncertainties were further aggravated by the logistical 
problems that will likely encumber any investigation in isolated 
areas, particularly in developing countries: transport and power 
supply problems, the cold-chain maintenance of biologic mate- 
rials, lack of up-to-date maps of the area to help select sample 
collection sites, recruitment of specialist staff members, and 
biosafety concerns). 
More fundamentally, there are several other problems that are 
inherent o the search for the reservoir of a pathogen such as 
EBO virus, and these problems require that we make certain 
assumptions. Our investigation was largely based on three key 
assumptions derived from our current understanding of the proper- 
ties of the virus and epidemiology of the disease. The virus has 
several characteristics that suggest that mammals are the most 
likely host [5, 6, 17]. Therefore, assumption one was that the 
reservoir is a mammal. Second, documented EHF outbreaks in 
Africa have always been linked to rain forests, both for human 
outbreaks and for epizootics and occasional infections in chimpan- 
zees [1, 2, 18-20]; therefore, assumption two was that the reser- 
voir is at least a part-time forest species. Last, the number of 
reported EHF outbreaks is very low, suggesting that the probabil- 
ity for humans becoming infected from the wild reservoir is very 
low. Thus, assumption three was that such a pattern of disease 
could be explained if the reservoir is very rare, if the reservoir is 
not rare but occurs in habitats or has behavioral patterns that 
support only rare contact with humans, or if the virus in the 
reservoir population is inefficiently transmitted to other species 
yet effectively maintains itself in the reservoir species (e.g., sexual 
transmission), or a combination of these factors. 
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Table 1. Number of vertebrates collected per locality (specimens from which blood samples were tested by ELISA for antibodies to the 
Zaire subtype of Ebola virus and from which virus isolation was attempted from the spleen). 
Locality No. of 
Total no. No. tested isolation 
Species Kak Kil Kik Kin Kwa Lua Mba Mbw Ngo Sac Tra Wam Oth collected for antibody attempts 
Class Mammalia 
Order Artiodactyla 
Cattle - 2 -- - - - - - - - - -2 0 2 
Goat - 1 - - - - - - - - - - - 1 0 0 
Pig -- - 2 2 0 2 
Sheep - - - - - - - - - - - -- 5 5 0 4 
Cephalophus monticola - 1 1 - 7 9 0 9 
Sylvicapra grimmia 1 - 3 4 0 4 
Tragelaphus criptus - -1 1 0 1 
Order Chiroptera 
Casinycteris argynnis 2 - - - - 2 1 2 
Chaerephon ansorgei - - - 59 2 - 60 - - - 121 120 121 
Chaerephon pumila - 91 33 - 1 1 19 67 1 213 210 211 
Epomops franqueti - - - 1 1 - - - - - 2 2 2 
Eptesicus somalicus - - - - - 1 - - - - - 1 0 1 
Eptesicus tenuipinnis - 1 --I - - - - - - - 1 1 1 
Megaloglossus woermanni - - 20 3 20 - - - - 43 38 43 
Micropteropus pusillus - 11 64 1 - 1 1 78 78 78 
Miniopterus minor - - - - - - - - - 2 2 2 2 
Mops condylurus 10 - - - - - - - - 10 10 10 
Mops nanulus - 13 1 - - - - - - - - 14 14 14 
Mops niveiventer - - - - - - - - - 3 3 3 3 
Mops thersites - 1 - - - - - - - -1 1 1 
Myopterus whitleyi - 1 1 - - - - - - - - 2 1 2 
Myotis bocagei - - - - - 5 - - - - - 17 22 22 22 
Nycteris hispida - - - - 2 - - - - -2 1 2 
Pipistrellus nanus 1 - - 1 -2 2 2 
Scotophilus dinganii - 7 8 4 1 - - - - 20 19 20 
Order Carnivora 
Canis aureus - -- - - - 1 1 0 1 
Canis mesomelas - - - - - - -- - - I- 1 1 0 1 
Genetta servalina - - - - -- - - -- -- - 3 3 0 3 
Genetta tigrina - - - - 3 3 0 3 
Herpestes sanguineus - - - - - - 1 2 3 0 3 
Mungos mungo - - - 1 - - 1 0 1 
Nandinia binotata - - - 1 2 - 12 16 0 16 
Order Insectivora 
Chlorotalpa leucorhina - 1 1 2 - - - - 1 5 0 5 
Crocidura species - - - - 1 1 1 3 6 0 5 
Crocidura cf attila 1 - - - - - 1 0 1 
Crocidura cf dolichura - - - 1 1 1 1 
Crocidura cf 
hildegardeae - - - 2 1 - 3 3 3 
Crocidura cf littoralis - - - 2 - 1 3 3 3 
Crocidura denti 1 -- -- - - 2 - - - - 3 2 3 
Crocidura hirta 3 - 1 - - - - 8 - 12 11 12 
Crocidura olivieri 5 - 11 - 5 4 27 1 - - - 2 55 46 55 
Crocidura parvipes 3 
. 
- 
- 
-- - - - 
-3 3 3 
Crocidura poensis group 1 - - 1 1 16 1 20 19 20 
Unspecified 1 1 - 2 2 2 
Order Macroscelida 
Petrodromus tetradactylus - -- - - - - -1 1 0 1 
Order Pholidota 
Manis tricuspis 1 - 4 3 1 - 20 29 0 29 
Order Primates 
Cercocebus aterrimus I- - -- - -- - - - 1 1 0 0 
Cercopithecus ascanius - - - -- - - -4 4 1 4 
JID 1999; 179 (Suppl 1) Search for Vertebrate Reservoir of Ebola S161 
Table 1. (Continued) 
Locality No. of 
Total no. No. tested isolation 
Species Kak Kil Kik Kin Kwa Lua Mba Mbw Ngo Sac Tra Wam Oth collected for antibody attempts 
Cercopithecus nictitans - - - 1 1 0 1 
Galagoides demidoff - 1 3 3 7 6 7 
Pan paniscus - - - 1 1 1 0 
Order Rodentia 
Anomalurus derbianus 1 - 1 1 1 
Colomys goslingi - - 1 1 1 1 
Cricetomys gambianus - - 1 1 1 2 5 5 5 
Dasymys incomtus 6 - - 6 6 6 
Dendromus species 3 - 1 --- - -4 4 4 
Dendromus cf mesomelas - - - 2 3 1 29 15 - 3 53 53 52 
Dendromus cf mystacalis - - - - 3 - 3 3 3 
Funisciurus congicus - - 5 - - - 5 - - 26 36 36 36 
Funisciurus pyrrhopus - - - 6 - - - 10 16 16 15 
Grammomys dolichurus 1 - - - - - - 6 - 2 9 9 9 
Grammomys rutilans - - -- - - - --1 1 1 1 
Graphiurus lorraineus - - - - - - 1 1 1 1 
Hylomyscus carillus - - - 2 - - 10 - 2 14 14 14 
Lemniscomys striatus 2 3 6 15 4 175 31 28 7 271 250 249 
Lophuromys cf sikapusi 3 - - - 6 1 44 - 4 58 58 58 
Lophuromys 
flavopunctatus - - - - - - - 1 - 1 1 1 
Malacomys lukolelae 16 - - - - 5 14 - 1 36 36 36 
Mastomys natalensis 2 15 3 - - - 11 20 - 12 63 63 62 
Mus minutoides 10 3 29 3 32 - 8 224 26 - 23 18 376 293 289 
Mus triton 2 0 21 1 23 0 67 263 7 0 0 95 15 494 460 459 
Oenomys hypoxanthus - - - - - - 1 - - - - - 1 1 1 
Paraxerus alexandri -- - - - - --1 - -- -- - - 1 1 1 
Pelomys species 1 1 1 4 - - - 7 7 7 
Pelomys campanae 1 25 - 1 3 - - - - 2 32 31 32 
Pelomys minor - - - - - 2 - - 17 - - 2 21 21 21 
Praomys jacksoni 21 1 13 4 176 - - 2 28 245 244 241 
Protoxerus stangeri - - - - - -- - - - - - - 1 1 1 1 
Rattus rattus 3 12 31 - - 7 9 - 10 - - 17 89 87 89 
Steatomys pratensis 6 2 1 - - - 2 5 - - - 16 16 16 
Tatera species 1 - - 2 - - 3 3 3 
Tatera valida - - - 10 - - - 6 -- 4 20 19 20 
Thryonomys swinderianus 1 3 2 - - - - 14 20 19 18 
Unspecified 1- - - - - - 7 - - - - 1 9 9 9 
Class Aves - - - - - - 8 213 3 - - - 41 265 0 184 
Class Reptilia and Amphibia 1 2 4 1 - 1 2 15 - - - 3 100 129 0 124 
Other classes 1- - -- - - - 1 - - - 8 9 0 3 
Total 69 23 251 281 105 4 157 1289 149 95 67 159 417 3066 2393 2814 
NOTE. Use of the term "species" indicates that species identification was not possible; cf indicates taxa that may be new species. Kak = Kakoi, Kil = 
Kilombo, Kik = Kikwit, Kin = Kinzambi Mission, Kwa = Kwanga-Ngamzi, Lua = Luano, Mba = Mbalaka, Mbw = Mbwambala, Ngo = Ngome, Sac = 
Sacred Heart Mission, Tra = Trappist Mission, Warn = Wamba, Oth = other localities. 
Our field work was set up according to assumptions one and 
two. Assumption 3 was difficult to take into consideration for 
practical and philosophical reasons. Indeed, the rapid initiation 
of field work was not compatible with the sampling of habitats 
where humans normally are not active (e.g., in the canopy, 
under the ground surface). More important, however, our inves- 
tigation could not focus on a specific subgroup of rare species 
since there was no evidence implicating such a group or sug- 
gesting which field techniques should be used to target a spe- 
cific species; thus, we hoped that the reservoir could be discov- 
ered by undertaking a broad-based traditional collecting effort, 
with some assistance from good fortune and hard work. 
The very skewed distribution of specimens among species 
is typical of natural habitats [21] and, tautologically, rare spe- 
cies are rarely caught. Moreover, unless the prevalence of infec- 
tion is high, the small sample size from rare species makes it 
unlikely that infected animals would be trapped. This statistical 
problem necessitated the collection of large numbers of speci- 
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Figure 3. Distribution of abundance of species in 
the vertebrate collection made around Kikwit, Demo- 
cratic Republic of the Congo, 1995. 
mens from the common species whenever possible. In addition, 
there was a chance to detect a collateral infection even if these 
species were not the true reservoir. Inevitably, the amount of 
work involved in processing the large number of collected 
animals in the field decreased the effort we could invest in 
capturing rare species. 
Furthermore, it was considered unacceptable not to sample all 
specimens that were collected (even if they belonged to common 
groups) because of current taxonomic difficulties regarding mam- 
mals, particularly in relatively isolated or unstudied areas, such 
as those where EHF outbreaks have occurred [22]. For many 
small mammal species, identification in the field is not possible. 
Often, it is not known which species of a certain genus occur in 
the area. Superficial identification or keeping a limited number 
of reference specimens may not be enough, since some species 
can only be distinguished by cranial morphology or even genetic 
techniques (e.g., karyotyping or DNA-sequencing). Finally, the 
alpha-taxonomy may not be complete, meaning that the speci- 
mens may belong to an unrecognized species. This latter problem 
is not uncommon for small mammals; for example, in the Kikwit 
collection, there were at least 5 species of the shrew genus Croci- 
dura, while 4 other groups cannot yet be named and may eventu- 
ally turn out to be separate species (table 1). Although the exact 
given name of a species may seem irrelevant in the present 
context, the recognition of specific taxa is important from an 
epidemiologic point of view. For example, within the genus Mas- 
tomys there are two cryptic species that can occur together and 
can be recognized only by the number of chromosomes; one of 
them, M. natalensis, is resistant o plague while the other one, 
M. coucha, is very susceptible to it [23]. There are many instances 
in medical entomology in which poor taxonomy has led to inef- 
fective or even disastrous pest management strategies [24-25]. 
Moreover, several technical issues are of primary concern in 
studies to find the reservoir of a virus. It is not known whether 
EBO virus persistently infects the true reservoir species, such as 
occurs for hantaviruses [26] and arenaviruses [27] in their rodent 
hosts. If such persistence does occur, virus isolation would offer 
a reasonable opportunity for success and would allow identifica- 
tion of the reservoir. On the other hand, if the period of virus 
infection is relatively brief, the probability of recovering an EBO 
virus isolate would be much lower, and detection of antibody as 
evidence of past infection might be the best primary means of 
detection. It is also possible that the virus exists in some cryptic 
form that makes it difficult o isolate from tissues of the reservoir 
species, although this seems unlikely since EBO viruses are 
readily isolated from infected patients. 
The quandary for those seeking the reservoir of EBO viruses 
is that insufficient information is available to choose a method 
that would limit the search to a smaller subset of animal species 
or to select a single technology for identifying the reservoir 
species. Other technical issues that complicate the laboratory 
testing for the evidence of the virus are the difficulties in testing 
for antibodies in a wide variety of taxa. Efforts are underway 
to remedy this. 
Multiple outbreaks of EHF in humans and primates have 
occurred recently in Gabon, and genetic analyses of the viruses 
recovered confirmed that each outbreak was due to an indepen- 
dent introduction of the virus from a putative reservoir [19]. 
This relatively high level of virus activity suggests that Gabon 
is a promising site for future ecologic investigations. 
Conclusions 
Despite considerable ffort in the field and in the laboratory, 
no evidence was found of EBO virus infection in the fauna 
collected during and immediately after the 1995 EHF epidemic 
in Kikwit. Uncertainties about where and how the first human 
case might have contracted the EBO infection and the time 
that elapsed since the beginning of the epidemic led to difficulty 
in drawing solid conclusions from these negative data. Further- 
more, even if these limitations were not at issue, sample size 
considerations would limit our ability to form exclusionary 
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conclusions on all but a few commonly collected species of 
animals. If one uses 100 animals as a sample that allows such 
conclusions, very few species can be excluded for future con- 
siderations: 6 total species (bats: 1 genus, 2 species; rodents: 
3 genera, 4 species). 
Even so, the approach we used would be the most appropriate 
one were another outbreak of EHF to occur. The probability of 
detecting the virus from the reservoir is small, but the collection 
allows the description of the local fauna and suggests possible 
targets for laboratory-based experimental investigation. Ulti- 
mately, accumulating epidemiologic information combined 
with timely field and appropriate laboratory investigation will 
result in the answer to the EBO reservoir question. 
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